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A METHOD  FOR  ESTIMATING  THE  RATE  OF  SOIL  LOSS  BY  SHEET  _ 

EROSION  FROM  INDIVIDUAL  FIELDS  OR  FARMS  UNDER  VARIOUS 
TYPES  OF  LAND  TREATMENT 

Introduction 

This  method  is  based  on  the  relationship  between  rate  of  erosion  and 
(l)  soil  characteristics,  (2)  slope  of  land  in  percent,  (3)  slope  length, 
in  feet,  (U)  vegetative  cover  and  (5)  the  maximum  30'"™inute  rainfall  to 
be  expected  once  in  2 years*  V 

Soil  unit,  slope  in  percent  and  maximum  30-minute  rainfall  (2-year 
frequency)  are  erosion  factors  which  are  not  subject  to  modification  by 
the  farm  or  ranch  operator*  However,  slope  length  and  vegetative  cover 
and  their  effect  on  rate  of  soil  loss  can  be  varied.  It  is  through 
these  latter  two  avenues  that  a major  reduction  in  sheet  erosion  is 
possible. 

The  Method 

With  one  exception,  the  basic  data  needed  to  calculate  gross  sheet 
erosion  by  this  method  may  be  obtained  from  the  soil  survey  and  conser- 
vation plan  map  of  the  field  or  farm  involved.  Slope  length  must  be 
measured  either  on  the  soil  survey  map  or  on  the  ground®  Length  of  slope, 
as  used  here,  is  the  total  uninterrupted  distance  overland  flow  must 
travel  before  reaching  a well-defined  gully  or  natural  drainageway.  Fence 
rows  across  the  slope  have  been  considered  as  slope  length  breaks.  In 
some  cases  slope  length  may  not  b©  confined  entirely  to  the  farm  or  field 
involved.*  The  uninterrupted  distance  surface  flow  travels  may  include 
the  distance  such  flow  travels  across  a neighboring  area. 

1 / G.  W.  Mu s grave.  Soil  Conservation  Service^  Research,  mThe  Quantitative 
Evaluation  of  Factors  in  Water  Erosion-A  first  Approximation,”  Journal 
of  Soil  and  Water  Conservation,  Volume  2,  No.  3»  duly,  19^4-7 • 
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Delineate  land  use  on  the  soil  survey  map*  For  cultivated  land 
show  row  crops,  small  grains,  cover  crops  and  other  types  of  crops  such 
as  cultivated  hay  or  pasture*  Indicate  terraced  fields  by  standard 
symbol*  Measure  and  average  the  slope  lengths  by  soil  units  and  slope 
classes.  Slope  lengths  for  terraced  fields  will  be  the  average  dis- 
tance  between  terraces*  Measure  acres  in  each  field  crop  by  soil  unit, 
percent  slope  and  slope  length*  Combine  all  lilce  delineations  and 
tabulate  data  in  columns  1 through  10  on  table  6*  Show  the  acres  of 
pasture  land  with  excellent,  good,  fair  or  poor  cover  by  soil  unit, 
percent  slope  and  slope  length,  and  tabulate  as  for  cultivated  land* 

Application 

As  an  example  assume  a farm  of  180  acres  located  in  Ellis  County, 
Texas*  The  land  use  consists  of  80  acres  of  cultivated  land  and  100 
acres  of  native  pasture*  The  soil  unit  is  2,  average  slope  is  3 percent 
and  the  average  slope  length  is  300  feet.  Present  cropping  pattern  is  100 
percent  row  crop,  or  80  acres  with  no  treatment*  Present  condition  of  the 
100  acres  of  native  pasture  is  poor®  Using  the  above  data  on  cultivated 
land  fill  in  column  1 through  10,  line  1,  table  6®  From  table  1 the 
basic  erosion  rate  of  soil  unit  2 is  0*5^-  inches  annually  (column  11)® 
(Note:  The  basic  erosion  rates  of  table  1 are  based  on  100  percent  row 

crop  cover,  10  percent  slope,  72  feet  slope  length  and  a P^q  rainfall  of 
1*375”»  2-year  frequency*)  Tables  2,  5»  end  5 ere  used  to  adjust  for 
any  change  from  the  above  conditions*  From  table  2 the  adjustment  factor 
for  3 percent  slope  and  300  feet  slope  length  is  *313  (column  12)*  From 
table  3 the  adjustment  factor  for  100  percent  row  crop  is  1®0  (column  13 )» 
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From  table  k,  the  P^q  rainfall  for  Ellis  County  is  1,500  inches  which 
corresponds  to  the  adjustment  factor  1.115  (column  lit-).  The  product  of 
the  figures  in  columns  11  through  lb  equals  the  average  annual  soil  loss 
in  inches  per  acre  or  0,188  (column  15) • The  rate  of  soil  loss  for  other 
crop  rotations  and  conservation  practices  for  cultivated  land  are  calcu- 
lated in  a like  manner® 

For  native  pasture  or  woods,  repeat  the  same  procedure. 

Column  16,  table  6 is  self-explanatory. 

Suggested  Uses 

(1)  Training  Soil  Conservation  Service  personnel. 

(2)  For  use  on  the  land  with  cooperators  to  calculate  the  soil  losses 
caused  by  sheet  erosion  for  various  combinations  of  soil  conserva- 
tion practices, 

(3)  Aid  in  explaining  why  upland  watersheds  need  conservation  treatment. 
(I4)  Group  meetings, 

(5)  Tours. 

(6)  Other  uses. 

Example  of  Use 

(1)  Explain  that  you  would  like  to  assist  cooperator  in  determining  the 
soil  loss  on  one  or  more  of  8shisM  fields,  (Should  include  at  least 
one  cultivated  field  and  one  pasture.) 

(2)  Let  cooperator  select  fields.  This  step  is  a must, 

(3)  Measure  average  thickness  of  topsoil  by  use  of  spade  or  sharp- 
shooter. Several  measurements  should  be  made  at  points  selected 
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by  the  cooperator.  If  possible,  measure  topsoil  depth  on.  at  least 
one  virgin  profile  for  comparison  with  average  topsoil  depth  on 
eroded  profiles.  (Encourage  cooperator  to  participate.  Get  him 
interested.  Point  out  that  thickness  of  topsoil  is  usually  a major 
factor  in  crop  yields.) 

(ij.)  Determine  soil  unit  during  step  3* 

(5)  Measure  percent  of  slope.  Several  measurements  should  be  made  to 
determine  an  average.  The  percent  of  slope  can  be  measured  with 
hand  level  or  string  level* 

(6)  The  length  of  slope  is  measured  by  pacing,  chaining  or  by  scaling 
on  a photograph. 

(7)  Calculate  annual  soil  loss  in  inches  for  existing  land  use,  rotations 
and  other  applied  soil  conservation  practices. 

(8)  Calculate  annual  soil  loss  for  several  combinations  of  rotations 
and/or  soil  conservation  practices.  (Calculations  required  in  steps  7 
and  8 may  be  made  by  use  of  attached  nomograph.) 

(9)  Draw  a bar  chart  showing  the  relative  soil  loss  for  various  combine- 
tions  of  rotations  and  soil  conservation  practices.  (See  Figure  1.) 

Ac  knowl ed  gement  s 

Credit  is  hereby  given  to  those  fellow  workers  whose  help  made  this 
paper  possible.  The  writers  are  particularly  indebted  to  the  following 
personnel  of  the  Soil  Conservation  Services  R.  M,  Marshall,  Acting  Assistant 
Regional  Director,  Soil  Survey;  P.  M.  Price,  Soil  Conservationist,  Regional 
Water  Conservation  Planning  Division;  H.  M®  Kautz,  Acting  Chief,  Regional 
Water  Conservation  Planning  Division  and  Howard  Matson,  Acting  Assistant 
Regional  Director,  Engineering  and  Planning,  all  of  Fort  Worth,  Texas,  for 
review,  comments  and  many  helpful  suggestions. 
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Figure  I 
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Table  No*  1 

Basic  Erosion  Rates  by  Soil  Units  \J 
Region  1+,  Soil  Conservation  Service 


t 

! 

: 

Soil  Units  **  ? 

Inches  Annual 

1 Soil 

s Inches  Annual 

: 

Soil  Loss 

s Units 

: Soil  Loss 

1 

.65 

12 

.15 

1 

•5U  in 

D1  & D2  * 

12X 

• 12 

2 

.51+ 

13 

.12 

2X 

M 

11+ 

.29 

2Xd 

•08 

15 

.12 

3 

.65 

16 

.65 

U 

.51+ 

17 

.51+ 

Us 

.51+ 

18 

•1+1 

Ux 

•Ul 

18 

.65 

in  D5* 

5 

.65 

19 

.65 

5a 

.65 

19a 

.65 

6 

•1+1 

20 

•1+1 

6 

•65  in 

A1  & A2* 

2Qd 

.15 

6 

• 5l+  in 

D3,Dl+  & D5* 

23 

.1+1 

6d 

.29 

21+ 

*51+ 

7 

.29 

21+ 

•65 

in  A3* 

7 

.1+1  in 

Bl,  B2  <5t  D5* 

2l+c 

•08 

7 

•65  in 

Al,  & A2  * 

21+d 

.1+1 

7d 

.15 

25 

.1+1 

7f 

.15 

25 

•65 

in  Al#  A2*  & 

A3* 

7X 

•15 

25© 

.08 

7Xd 

.08 

25d 

.08 

8 

•l+i 

26 

.08 

9 

.29 

2? 

.08 

10 

•29 

27 

•65 

in  Al  & 
A2* 

11 

.29 

28 

.08 

28 

•65 

in  D3  & 

d!+* 

1/  Source  of  Data  - Table  III#  Soil  Conservation  Surveys  Division  Memo 
on  Conservation  Time  Table  Study#  dated  26  April,  I9I4.9  to  State  Soil 
Scientists  and  Survey  Supervisors* 


* A-l  - Loessial  hills 
A-2  - Loessial  terraces 
A-3  ” Forested  Coastal  Plain 
B-l  - Ozark  highland 
B-2  - Quachita  highland 


D-l  - Western  foothills  mesa  land 

D-2  - High  plains 

D-3  “ Rolling  Red  Plains 

D-1+  - Reddish  Prairie 

B»5  - Cross  timbers 


**  Standard  definitions  as  outlined*  Soil  Conservation  Survey  Memo  6,  Rev, 
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Descriptions  of  the  soil  units s 

1 - Deep*  fine  textured,,  very  slowly  permeable  soils 

2 - Deep,  fine  textured,  slowly  permeable  soils 

2X  - Deep,  fine  textured,  moderately  permeable  soils 

3 - Deep,  fin©  textured,  very  slowly  permeable  bottomland  soils 

1|.  - Deep,  fine  textured,  slowly  permeable  bottomland  soils 

I4X  ” Deep,  fin©  textured,  moderately  permeable  bottomland  soils 

5 - Deep,  medium  textured,  very  slowly  permeable  soils 

6 - Deep,  medium  textured,  slowly  permeable  soils 

7 - Deep,  medium  textured,  moderately  permeable  soils 
?X  - Deep,  medium  textured,  rapidly  permeable  soils 

8 - Deep,  medium  textured,  slowly  permeable  bottomland  soils 

9 - Deep,  medium  textured,  moderately  permeable  bottomland  soils 

10  - Deep,  coarse  textured,  very  slowly  permeable  soils 

11  - Deep,  coarse  textured,  slowly  permeable  soils 

12  - Deep,  coarse  textured,  moderately  permeable  soils 

12X  - Deep,  coarse  textured,  moderately  rapidly  permeable  soils 

13  “ Deep,  coarse  textured,  rapidly  permeable  soils 

ll*  - Deep,  coarse  textured,  slowly  permeable  bottomland  soils 

15  - Deep,  coarse  textured  moderately  pemeable  bottomland  soils 
15X  » Deep,  coarse  textured,  rapidly  permeable  bottomland  soils 

16  - Shallow,  fine  textured,  very  slowly  permeable  soils 

17  - Shallow,  fin©  textured,  slowly  permeable  soil® 

18  - Shallow,  fine  textured,  moderately  pemeable  soils 

19  - Shallow,  medium  textured,  very  slowly  or  slowly  pemeable  soils 

20  - Shallow,  medium  textured,  moderately  pemeable  or  rapidly  pemeable 

soils 

21  - Shallow,  coarse  textured,  slowly  permeable  soils 

22  - Shallow,  coarse  textured,  moderately  pemeable  soils 

23  - Shallow,  coarse  textured,  rapidly  permeable  soils 

2I4  - Very  shallowD  fin©  textured  soils 

25  - Very  shallow,  medium  textured  soils 

26  " Very  shallow,  coarse  textured  soils 

27  - Rough  broken  or  rough  stony  land,  non-calcareous  materials 

28  - Rough  broken  or  rough  stony  land,  calcareous  materials 

29  - Organic  soils  (peat  and  muck) 

30  - Mixed,  very  shallow,  shallow  and  deep  sandy  lands 

31  - Mixed,  very  shallow,  shallow  and  deep  heavy  lands 

32  - Not  used 

33  “ Non-arable,  alluvial  soils,  undifferentiated 

a.  Moderately  wet  soils© 
c»  Stony  soils® 
d.  Cherty  or  gravelly  soils® 
f«  High  lime  soils® 
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Table  No.  5 

Relative  Rates  of  Erosion  Under  Various  Types  of  Cover 

and  Cover  Conditions. 


Type  and  Cover  Condition 

Percent  of  Row  Crop 
Erosion  Rate 

Row  Crop 

100 

y 

Small  Grains  (Fall  Planted) 

50 

y 

Small  Grains  (Spring  Planted) 

1+0 

y 

Rotation  Hay  and  Pasture 

10 

y 

Pasture  Excellent  Cover 

1 

y 

Pasture  Good  Cover 

10 

y 

Pasture  Fair  Cover 

20 

y 

Pasture  Poor  Cover 

50 

y 

Pasture  Very  Poor  Cover  (Stomp  Lots,  etc.) 

50 

2/ 

Woods  Poor  Cover 

15 

V 

Woods  Fair  Cover 

10 

y 

Woods  Good  Cover 

0 

u 

Reference: 

1 / Time  Table  Study,  June,  19i+9 
2 / Estimated  by  writers. 


Cover  Condition 


COVER  DENSITY  GUIDE 

Ground  Cover  Including  Litter  (%) 


Excellent 

Good 

Fair 

Poor 

Very  Poor 


90  - 100 
70  - 89 

50-69 
50  - 1+9 
15  » 29 
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Notes  Table  No.  6 will  serve  as  a work  sheet  for  recording  basic  data  and 
calculating  sheet  erosion  rates. 
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